


































































































































































































































































































Plant ﾠ associated ﾠ Serratia ﾠ species ﾠ are ﾠ commonly ﾠ
found ﾠ as ﾠ free-ﾭ‐living ﾠ bacteria ﾠ in ﾠ rhizosphere ﾠ soil ﾠ
and ﾠ as ﾠ endophytes ﾠ within ﾠ plant ﾠ roots. ﾠ They ﾠ in-ﾭ‐
clude ﾠ strains ﾠ with ﾠ the ﾠ ability ﾠ to ﾠ stimulate ﾠ plant ﾠ
growth ﾠ and ﾠ to ﾠ inhibit ﾠ the ﾠ growth ﾠ of ﾠ soil ﾠ borne ﾠ
pathogens ﾠof ﾠeconomically ﾠimportant ﾠagricultural ﾠ
plants ﾠ [1-ﾭ‐3]. ﾠ One ﾠ Serratia ﾠ strain, ﾠ S. ﾠ plymuthica ﾠ
HRO-ﾭ‐C48, ﾠis ﾠsuccessfully ﾠused ﾠas ﾠan ﾠalternative ﾠto ﾠ
chemical ﾠ agents ﾠ for ﾠ control ﾠ of ﾠ soil-ﾭ‐borne ﾠ fungal ﾠ
diseases ﾠin ﾠdifferent ﾠcrops ﾠsuch ﾠas ﾠstrawberry ﾠand ﾠ
rapeseed ﾠ[3,4]. ﾠIts ﾠability ﾠto ﾠdegrade ﾠchitin, ﾠa ﾠfun-ﾭ‐
gal ﾠ cell ﾠ wall ﾠ component, ﾠ may ﾠ be ﾠ responsible ﾠ for ﾠ
antifungal ﾠactivity, ﾠwhereas ﾠthe ﾠproduction ﾠof ﾠthe ﾠ
plant ﾠhormone ﾠindole-ﾭ‐3-ﾭ‐acetic ﾠacid ﾠ(IAA) ﾠcould ﾠbe ﾠ
involved ﾠ in ﾠ plant ﾠ growth ﾠ promotion ﾠ [3]. ﾠ S. ﾠ
plymuthica ﾠAS12 ﾠhas ﾠchitinolytic ﾠactivity ﾠand ﾠwas ﾠ
isolated ﾠfrom ﾠrapeseed ﾠroots ﾠfrom ﾠUppsala, ﾠSwe-ﾭ‐
den ﾠin ﾠ1998 ﾠ[5]. ﾠThe ﾠreason ﾠfor ﾠour ﾠinterest ﾠin ﾠS. ﾠ
plymuthica ﾠAS12 ﾠis ﾠits ﾠability ﾠto ﾠinhibit ﾠVerticillium ﾠ
longisporum ﾠ(earlier ﾠV. ﾠdahliae), ﾠa ﾠsoil ﾠborne ﾠfun-ﾭ‐
gal ﾠ pathogen ﾠ of ﾠ rapeseed, ﾠ thus ﾠ promoting ﾠ the ﾠ
rapeseed ﾠgrowth ﾠboth ﾠdirectly ﾠand ﾠindirectly ﾠ[5]. ﾠ
Here ﾠwe ﾠpresent ﾠa ﾠdescription ﾠof ﾠthe ﾠcomplete ﾠge-ﾭ‐





A ﾠrepresentative ﾠ16S ﾠrRNA ﾠgene ﾠsequence ﾠof ﾠthe ﾠ
strain ﾠAS12 ﾠgenome ﾠwas ﾠused ﾠfor ﾠcomparison ﾠus-ﾭ‐
ing ﾠ NCBI ﾠ BLAST ﾠ [6] ﾠ under ﾠ default ﾠ settings ﾠ with ﾠ
the ﾠmost ﾠrecent ﾠdatabases. ﾠThe ﾠrelative ﾠfrequen-ﾭ‐
cies ﾠof ﾠtaxa ﾠand ﾠBLAST ﾠscores ﾠwere ﾠdetermined. ﾠ
The ﾠ most ﾠ frequently ﾠ occurring ﾠ genus ﾠ is ﾠ Serratia ﾠ
where ﾠ some ﾠ of ﾠ the ﾠ ‘hits’ ﾠ share ﾠ a ﾠ 100% ﾠ identity. ﾠ
When ﾠ considering ﾠ high-ﾭ‐scoring ﾠ segment ﾠ pairs ﾠ
(HSPs) ﾠfrom ﾠthe ﾠbest ﾠ250 ﾠhits, ﾠthe ﾠmost ﾠfrequent ﾠ
matches ﾠ were ﾠ Serratia ﾠ sp. ﾠ (17.2%) ﾠ with ﾠ a ﾠ maxi-ﾭ‐
mum ﾠ identity ﾠ of ﾠ 97-ﾭ‐100%, ﾠ while ﾠ S. ﾠ plymuthica ﾠ
(5.2%) ﾠ had ﾠ a ﾠ maximum ﾠ identity ﾠ of ﾠ 97-ﾭ‐100%, ﾠ S. ﾠ
proteomaculans ﾠ(4.8%) ﾠwith ﾠa ﾠmaximum ﾠidentity ﾠ
of ﾠ97-ﾭ‐99%, ﾠS. ﾠmarcescens ﾠ(4.8%) ﾠwith ﾠa ﾠmaximum ﾠ
identity ﾠ of ﾠ 96-ﾭ‐97% ﾠ and ﾠ different ﾠ strains ﾠ of ﾠ












A ﾠphylogenetic ﾠtree ﾠ(Figure ﾠ1) ﾠwas ﾠconstructed ﾠus-ﾭ‐
ing ﾠ16S ﾠrRNA ﾠsequences ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠwith ﾠ
other ﾠgenera ﾠwithin ﾠthe ﾠfamily ﾠEnterobacteriaceae ﾠ
including ﾠ two ﾠ species ﾠ within ﾠ the ﾠ genus ﾠ Serratia. ﾠ
The ﾠtree ﾠshows ﾠthe ﾠposition ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠ
within ﾠthe ﾠgenus ﾠSerratia ﾠand ﾠits ﾠdistinct ﾠclustering ﾠ
with ﾠS. ﾠplymuthica, ﾠwhich ﾠwas ﾠconfirmed ﾠby ﾠdigital ﾠ
DNA-ﾭ‐DNA ﾠ hybridization ﾠ values ﾠ [11] ﾠ above ﾠ 70% ﾠ
with ﾠthe ﾠ(unpublished) ﾠdraft ﾠgenome ﾠsequence ﾠof ﾠ
the ﾠ S. ﾠ plymuthica ﾠ type ﾠ strain ﾠ Breed ﾠ K-ﾭ‐7T ﾠ from ﾠ a ﾠ
DSM ﾠ4540 ﾠculture ﾠas ﾠwell ﾠas ﾠwith ﾠthe ﾠcomplete ﾠge-ﾭ‐
nome ﾠsequence ﾠof ﾠS. ﾠplymuthica ﾠAS9 ﾠ[12] ﾠusing ﾠthe ﾠ
GGDC ﾠweb ﾠserver ﾠ[13]. ﾠ
The ﾠ cells ﾠ of ﾠ strain ﾠ AS12 ﾠ stain ﾠ Gram-ﾭ‐negative ﾠ and ﾠ
are ﾠrod ﾠshaped, ﾠ1-ﾭ‐2 ﾠµm ﾠlong, ﾠ0.5-ﾭ‐0.7 ﾠµm ﾠwide ﾠ(Fig-ﾭ‐
ure ﾠ2 ﾠand ﾠTable ﾠ1) ﾠand ﾠmotile. ﾠThe ﾠculture ﾠforms ﾠ
red ﾠto ﾠpink ﾠcolored ﾠcolonies ﾠof ﾠ1-ﾭ‐2 ﾠmm ﾠdiameter ﾠon ﾠ
tryptic ﾠsoy ﾠagar ﾠand ﾠpotato ﾠdextrose ﾠagar, ﾠbut ﾠthe ﾠ
colony ﾠcolor ﾠdepends ﾠon ﾠdifferent ﾠfactors ﾠsuch ﾠas ﾠ
the ﾠ growth ﾠ substrate, ﾠ pH ﾠ of ﾠ the ﾠ medium ﾠ and ﾠ
growth ﾠtemperature. ﾠThe ﾠorganism ﾠis ﾠa ﾠfacultative ﾠ
anaerobe ﾠand ﾠgrows ﾠat ﾠtemperatures ﾠranging ﾠfrom ﾠ
4 ﾠ°C ﾠ-ﾭ‐ ﾠ40 ﾠ°C ﾠand ﾠwithin ﾠa ﾠpH ﾠrange ﾠof ﾠ4 ﾠ-ﾭ‐ ﾠ10. ﾠIt ﾠhas ﾠ
the ﾠability ﾠto ﾠutilize ﾠa ﾠwide ﾠrange ﾠof ﾠcarbon ﾠsources ﾠ
such ﾠ as ﾠ glucose, ﾠ sucrose, ﾠ succinate, ﾠ mannitol ﾠ and ﾠ
arabinose. ﾠ It ﾠ also ﾠ has ﾠ cellulolytic, ﾠ phospholytic, ﾠ
chitinolytic ﾠand ﾠproteolytic ﾠactivity ﾠ[5]. ﾠThe ﾠstrain ﾠ
is ﾠdeposited ﾠin ﾠthe ﾠCulture ﾠCollection, ﾠUniversity ﾠof ﾠ




The ﾠcells ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠcontain ﾠa ﾠmixture ﾠof ﾠ
saturated ﾠ and ﾠ unsaturated ﾠ fatty ﾠ acids. ﾠ The ﾠ domi-ﾭ‐
nant ﾠfatty ﾠacids ﾠin ﾠstrain ﾠAS12 ﾠare ﾠC16:0 ﾠ(22.94%), ﾠ
Cͳ͸ǣͳɘ͹ ﾠ (17.08%), ﾠ Cͳͺǣͳɘ͹ ﾠ (19.65%), ﾠ C14:0 ﾠ (5.11%), ﾠ
along ﾠwith ﾠother ﾠminor ﾠfatty ﾠacid ﾠcomponents. ﾠNo ﾠ
information ﾠis ﾠavailable ﾠfor ﾠother ﾠcompounds. ﾠPre-ﾭ‐
viously ﾠit ﾠhas ﾠbeen ﾠshown ﾠthat ﾠSerratia ﾠspp. ﾠcontain ﾠ
a ﾠmixture ﾠof ﾠC14:0, ﾠC16:0, ﾠC16:1 ﾠand ﾠC18:1+2 ﾠfatty ﾠacids ﾠin ﾠ
which ﾠ50-ﾭ‐80% ﾠof ﾠthe ﾠtotal ﾠfatty ﾠacid ﾠin ﾠthe ﾠcell ﾠis ﾠ
C14:0 ﾠand ﾠothers ﾠeach ﾠless ﾠthan ﾠ3% ﾠ[28]. ﾠThis ﾠis ﾠcon-ﾭ‐
sistent ﾠwith ﾠthe ﾠobservation ﾠthat ﾠC14:0 ﾠis ﾠa ﾠcharac-ﾭ‐















































































































































































































































































































































































































































































S. ﾠplymuthica ﾠAS12 ﾠwas ﾠselected ﾠfor ﾠsequencing ﾠon ﾠ
the ﾠbasis ﾠof ﾠits ﾠability ﾠto ﾠpromote ﾠrapeseed ﾠplant ﾠ
growth ﾠas ﾠwell ﾠas ﾠto ﾠinhibit ﾠfungal ﾠpathogens ﾠof ﾠ
rapeseed ﾠ[5]. ﾠThe ﾠgenome ﾠsequence ﾠis ﾠdeposited ﾠ
in ﾠthe ﾠGenomes ﾠOn ﾠLine ﾠDatabase ﾠ[10] ﾠ(GOLD ﾠID ﾠ= ﾠ
Gc01771) ﾠ and ﾠ in ﾠ GenBank ﾠ (INSDC ﾠ ID ﾠ = ﾠ
CP002774). ﾠSequencing, ﾠfinishing ﾠand ﾠannotation ﾠ
were ﾠperformed ﾠby ﾠthe ﾠDOE ﾠJoint ﾠGenome ﾠInsti-ﾭ‐
tute ﾠ(JGI). ﾠA ﾠsummary ﾠof ﾠthe ﾠproject ﾠinformation ﾠ
and ﾠits ﾠassociation ﾠwith ﾠMIGS ﾠidentifiers ﾠis ﾠshown ﾠ







The ﾠcells ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠwere ﾠgrown ﾠin ﾠLu-ﾭ‐
ria ﾠ Broth ﾠ (LB) ﾠ medium ﾠ at ﾠ 28°C ﾠ with ﾠ constant ﾠ
shaking ﾠat ﾠ200 ﾠrpm. ﾠThe ﾠcells ﾠwere ﾠharvested ﾠafter ﾠ
12 ﾠhours ﾠwhen ﾠthe ﾠcells ﾠwere ﾠin ﾠthe ﾠearly ﾠstation-ﾭ‐
ary ﾠphase. ﾠThe ﾠcells ﾠwere ﾠpelleted ﾠand ﾠresuspend-ﾭ‐
ed ﾠin ﾠTE ﾠbuffer ﾠ(Sigma ﾠAldrich). ﾠThe ﾠDNA ﾠwas ﾠex-ﾭ‐
tracted ﾠ from ﾠ the ﾠ resuspended ﾠ cells ﾠ by ﾠ following ﾠ
the ﾠstandard ﾠCTAB ﾠprotocol ﾠfor ﾠbacterial ﾠgenomic ﾠ
































































































































The ﾠgenome ﾠof ﾠS. ﾠplymuthica ﾠAS12 ﾠwas ﾠsequenced ﾠ
using ﾠa ﾠcombination ﾠof ﾠIllumina ﾠ[30] ﾠand ﾠ454 ﾠse-ﾭ‐
quencing ﾠplatforms ﾠ[31]. ﾠThe ﾠdetailed ﾠinformation ﾠ
on ﾠ library ﾠ construction ﾠ and ﾠ sequencing ﾠ can ﾠ be ﾠ
found ﾠat ﾠthe ﾠJGI ﾠwebsite ﾠ[29]. ﾠThe ﾠsequence ﾠdata ﾠ
from ﾠ Illumina ﾠ GAii ﾠ (1,800 ﾠ Mb) ﾠ were ﾠ assembled ﾠ
with ﾠVelvet ﾠ[32] ﾠand ﾠthe ﾠconsensus ﾠsequence ﾠwas ﾠ
computationally ﾠshredded ﾠinto ﾠ1.5 ﾠkb ﾠoverlapping ﾠ
fake ﾠ reads. ﾠ The ﾠ sequencing ﾠ data ﾠ from ﾠ 454 ﾠ
pyrosequencing ﾠ (81.6 ﾠ Mb) ﾠ were ﾠ assembled ﾠ with ﾠ
Newbler. ﾠThe ﾠinitial ﾠdraft ﾠassembly ﾠcontained ﾠ61 ﾠ
contigs ﾠin ﾠone ﾠscaffold ﾠand ﾠconsensus ﾠsequences ﾠ
were ﾠ computationally ﾠ shredded ﾠ into ﾠ 2 ﾠ kb ﾠ over-ﾭ‐
lapping ﾠ fake ﾠ reads. ﾠ The ﾠ 454 ﾠ Newbler ﾠ consensus ﾠ
reads, ﾠthe ﾠIllumina ﾠVelvet ﾠconsensus ﾠreads ﾠand ﾠthe ﾠ
read ﾠpairs ﾠin ﾠthe ﾠ454 ﾠpaired ﾠend ﾠlibrary ﾠwere ﾠinte-ﾭ‐
grated ﾠusing ﾠa ﾠsoftware ﾠparallel ﾠPhrap ﾠ[33]. ﾠPossi-ﾭ‐
ble ﾠ mis-ﾭ‐assemblies ﾠ were ﾠ corrected ﾠ with ﾠ
gapResolution ﾠ [29], ﾠ Dupfinisher ﾠ [34], ﾠ or ﾠ by ﾠ se-ﾭ‐
quencing ﾠ cloned ﾠ bridging ﾠ PCR ﾠ fragments ﾠ with ﾠ
subcloning ﾠor ﾠtransposon ﾠbombing ﾠ(Epicentre ﾠBi-ﾭ‐
otechnologies, ﾠ Madison, ﾠ WI). ﾠ The ﾠ gaps ﾠ between ﾠ
contigs ﾠ were ﾠ closed ﾠ by ﾠ editing ﾠ in ﾠ the ﾠ software ﾠ
Consed ﾠ[35-ﾭ‐37], ﾠby ﾠPCR ﾠand ﾠby ﾠBubble ﾠPCR ﾠ(J.-ﾭ‐F. ﾠ
Chang, ﾠunpublished) ﾠprimer ﾠwalks. ﾠA ﾠtotal ﾠof ﾠ160 ﾠ
additional ﾠreactions ﾠwas ﾠnecessary ﾠto ﾠclose ﾠgaps ﾠ
and ﾠto ﾠraise ﾠthe ﾠquality ﾠof ﾠthe ﾠfinished ﾠsequence. ﾠ
The ﾠsequence ﾠreads ﾠfrom ﾠIllumina ﾠwere ﾠused ﾠto ﾠ
correct ﾠpotential ﾠbase ﾠerrors ﾠand ﾠincrease ﾠconsen-ﾭ‐
sus ﾠquality ﾠusing ﾠthe ﾠsoftware ﾠPolisher ﾠdeveloped ﾠ
at ﾠJGI ﾠ[38]. ﾠThe ﾠfinal ﾠassembly ﾠis ﾠbased ﾠon ﾠ47.4 ﾠMb ﾠ
of ﾠ454 ﾠdraft ﾠdata ﾠwhich ﾠprovides ﾠan ﾠaverage ﾠ8.8 ﾠ× ﾠ
coverage ﾠof ﾠthe ﾠgenome ﾠand ﾠ315 ﾠMb ﾠof ﾠIllumina ﾠ
draft ﾠdata ﾠwhich ﾠprovides ﾠan ﾠaverage ﾠ59 ﾠ× ﾠcover-ﾭ‐




The ﾠS. ﾠplymuthica ﾠAS12 ﾠgenes ﾠwere ﾠidentified ﾠus-ﾭ‐
ing ﾠProdigal ﾠ[39] ﾠas ﾠpart ﾠof ﾠthe ﾠgenome ﾠannotation ﾠ







(ORNL), ﾠOak ﾠRidge, ﾠTN, ﾠUSA, ﾠfollowed ﾠby ﾠa ﾠround ﾠ
of ﾠmanual ﾠcuration ﾠusing ﾠthe ﾠJGI ﾠGenePRIMP ﾠpipe-ﾭ‐
line ﾠ[40]. ﾠThe ﾠpredicted ﾠCDS ﾠwere ﾠtranslated ﾠand ﾠ
used ﾠto ﾠsearch ﾠthe ﾠNational ﾠCenter ﾠfor ﾠBiotechnol-ﾭ‐
ogy ﾠ Information ﾠ (NCBI) ﾠ nonredundant ﾠ database, ﾠ
Uniport, ﾠTIGR-ﾭ‐Fam, ﾠPfam, ﾠPRIAM, ﾠKEGG, ﾠCOG ﾠand ﾠ
InterPro ﾠ databases. ﾠ The ﾠ miscellaneous ﾠ functions ﾠ
were ﾠ predicted ﾠ using ﾠ tRNAscan-ﾭ‐SE ﾠ [41], ﾠ
RNAmmer ﾠ [42], ﾠ TMHMM ﾠ [43], ﾠ and ﾠ signalP ﾠ [44]. ﾠ
Additional ﾠgene ﾠprediction ﾠanalysis ﾠand ﾠfunctional ﾠ
annotation ﾠwas ﾠperformed ﾠwithin ﾠthe ﾠIntegrated ﾠ
Microbial ﾠ Genomes ﾠ – ﾠ Expert ﾠ Review ﾠ (IMG-ﾭ‐ER) ﾠ
platform ﾠdeveloped ﾠby ﾠthe ﾠJoint ﾠGenome ﾠInstitute, ﾠ




The ﾠ genome ﾠ of ﾠ S. ﾠ plymuthica ﾠ AS12 ﾠ comprises ﾠ a ﾠ
single ﾠcircular ﾠchromosome ﾠof ﾠ5,443,009 ﾠbp ﾠwith ﾠ
55.96% ﾠ GC ﾠ content ﾠ (Figure ﾠ 3 ﾠ and ﾠ Table ﾠ 3) ﾠ and ﾠ
5,140 ﾠ predicted ﾠ genes. ﾠ Among ﾠ those ﾠ predicted ﾠ
genes, ﾠ 4,952 ﾠ were ﾠ assigned ﾠ as ﾠ protein-ﾭ‐coding ﾠ
genes ﾠand ﾠ88.71% ﾠof ﾠprotein ﾠcoding ﾠgenes ﾠwere ﾠ
assigned ﾠfor ﾠputative ﾠfunction ﾠand ﾠthe ﾠremaining ﾠ
ones ﾠ were ﾠ annotated ﾠ as ﾠ hypothetical ﾠ proteins. ﾠ
There ﾠwere ﾠ76 ﾠpseudogenes ﾠand ﾠ113 ﾠRNA ﾠgenes ﾠ
with ﾠ seven ﾠ rRNA ﾠ operons. ﾠ The ﾠ distribution ﾠ of ﾠ
genes ﾠ into ﾠ the ﾠ COG ﾠ functional ﾠ categories ﾠ is ﾠ pre-ﾭ‐
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